Progressive development of right bundle branch block as a result of traction on ligature iooped around bundle near right ventricular anterior papillary muscle. Leads shown are I, aVF, and Vr (an anterior thoracic lead). Smallest scale divisions are 0.04 sec horizontally and 0.1 mv vertically. Though orientation of the heart remained essentially constant throughout the procedure, small respiratory variations were observed as seen in the first four complexes.
• Complete block of the His bundle, or of its right or left main branches, has been accomplished by several investigators. 1 " 3 Question has remained, however, whether intermediate stages exist between normal conduction and complete block. 4 Preliminary experiments were concerned only with the production of transient incomplete block. Figure 1 is an example of a procedure in which gentle traction was exerted upon a ligature looped around the right bundle branch near the base of the right ventricular anterior papillary muscle. Here, the significant point is not that block was produced, but rather that intermediate stages were indeed observed. These can be seen best in lead aVF, in which the S deepened progressively from the fourth through the sev-235 enth complexes from the left. Not until the eighth complex was there appreciable widening in QRS. These first results, together with two previously reported experiments, 8 ' 10 suggested a more refined method for observing the electrical phenomena associated with experimental incomplete bundle branch block.
Methods
An electrode, figure 2, was fashioned from a hypodermic needle by removing the hub, soldering a copper lead wire to the shaft, coating the assembly with insulating epoxy material* leaving only the tip exposed, and connecting to the opposite end a length of polyethylene tubing.
Mongrel dogs weighing between 15 and 20 kg were anesthetized with pentobarbital (average dose, 30 mgAg). The thorax was opened via a midline sternal incision, and a hammock was formed from the pericardium to support the heart. The insulated saline-filled needle-electrode was introduced into the tissue of the right anterior wall of the ascending aorta and passed toward the heart into the nodal-bundle region. Satisfactory positioning of the electrode was determined by the appearance of a characteristic bundle action potential on the P-R segment of the graphic record, utilizing a Sanborn 550-M optical galvanometer system. Paper speeds of 100 and 200 mm/sec were employed at a vertical sensitivity of 1 mv/cm. Coupling amplifiers were of the high gain a-c type (Sanborn 350-1600 and 350-3200) presenting essentially infinite input impedance to a d-c signal and a maximum loss of 30% from 0.1 to 60 cycles/sec.
A 4% solution of cocaine hydrochloride was then injected through the needle-electrode. Bundle action potentials derived from the needleelectrode and conventional limb-lead electrocardiograms were recorded before, during, and for varying periods after cocainization of the bundle.
Results
Alterations in form of the ventricular complex in limb lead tracings following cocaine injection permitted classification of results into three types: (1) block (B) were opposite to those of QRS; hence, the ventricular gradient in the frontal plane remained essentially constant. During recovery (C, D, and E), these repolarization abnormalities reverted to a degree commensurate with the gradual shift of QRS axis toward normal and were thus believed to be secondary to the block.
LEFT BUNDLE BRANCH BLOCK
In figure 
COMMON BUNDLE BLOCK
In figure 5 , nearly all degrees of common bundle block were observed. Not infrequently, a high degree of block (e.g., 4:1) regressed through lower degrees of block (e.g., 3:1, 2:1, 3:2, Wenckebach phenomenon, and P-R prolongation alone) before restoration of normal sinus rhythm. Increase and decrease in P-R without major changes in QRS occurred (B and C), concurrent with near disappearance (B) and reappearance (C) of the bundle action potential. No diphasic form of that action potential could be discerned until the final stage (E).
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Discussion
Data reported herein establish the existence of incomplete bundle branch block and delineate the range of its expression in conventional limb leads. Legitimacy of these claims derives from experimental evidence summarized as follows:
1. The forms of ventricular complexes attending complete block of the right or of the left bundle branches have been ascertained in recordings from direct, semidirect, and remote leads following transection of the respective bundle branch by precisely localized lesions high on the right or left side of the septum. 8 2. Action potentials produced by normal excitation of the right, left, or common bundles have been recorded by placing the tip of an exploring electrode on the corresponding anatomically identifiable bundle in the bovine heart. 10 These same action potentials have also been identified in canine hearts where the morphology of the conduction system is not so evident anatomically as in the ox.
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3. Experiments reported here rest, therefore, on established knowledge (a) of alterations in ventricular complex occurring in complete bundle branch block, and (b) of the forms of bundle action potential normally encountered at various sites along the conduction pathways. Results of the present experiments reveal the full range of bundle branch function between normal conduction and complete block. Under the influence of cocaine, the bundle action potential widened, flattened, and sometimes disappeared. The attendant ventricular complexes assumed the form of complete bundle branch block of the respective ventricle. In each instance, waning of functional paralysis of the involved segment of the conduction system was associated not only with stepwise reversal of changes in the ventricular complex but also with stepwise reversal of changes in the bundle action potential. These intermediate stages, observed simultaneously in ventricular complexes of the limb leads and in bundle action potential of direct leads, define precisely the occurrence and infinitely varied degrees of incomplete bundle branch block.
Development and regression of bundle branch block was accompanied by marked shifts of the terminal QRS axis in the frontal plane ( fig. 6 ). In right bundle branch block, this shift was from a normal leftward-superior direction to a rightward-superior direction. In left bundle branch block, the shift was to a leftward-inferior direction. axis occurred with and without significant prolongation in QRS.
Cocainization of a segment of the common bundle resulted in first, second, or third degree atrioventricular block, unattended by changes in form of associated ventricular complexes. As in bundle branch block, regression of common bundle block occurred also in stepwise fashion.
